We explore the dynamics of long-range Kitaev chain by varying pairing interaction exponent, α. In a finite size system, it is known that Loschmidt echo has periodic revivals for quenching to the critical point. We find that the revivals in the Loschmidt echo are connected to the energy gap at finite size system. Moreover, and contrary to expectations, for the long-range pairing case, α < 1, the first revival time (periodicity) scales inversely with the group velocity at the gap closing point, instead of the maximum group velocity. Analyzing the effect of quenched averaging disorder shows the robustness of the first revival time against disorder. For the dynamical phase transition, the presence of disorder washes out the non-analyticities in the rate function of return probability.
I. INTRODUCTION
Characterizing distinct phases of equilibrium quantum phase transitions has been a fascinating topic among research communities for a long time [1] . Non-equilibrium dynamics of closed many-body quantum systems provide further insight into the equilibrium quantum phase transition imprinted in subsequent dynamics. One of the promising ways of bringing a system away from equilibrium is by sudden quenching system parameters to a new Hamiltonian which governs the succeeding time evolution. The evolution induced by sudden quenching has been incorporated to study thermalization of local quantities [2] , ergodicity [3] , Kibble-Zurek scaling [4] , dynamical phase transition [5] , evolution of entanglement [6] [7] [8] [9] [10] in closed many-body quantum systems. Quench dynamics of isolated many-body quantum system is persuadable in a controlled manner in experimental setups [11] [12] [13] [14] .
One of the aspects of quench dynamics in many-body quantum systems is the occurrence of quantum revivals in a finite-size system and its relation to equilibrium quantum phase transition [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] [28] [29] [30] . Such quantum revivals are captured by Loschmidt echo which is defined as the overlap between the time-evolved state and the initial state. The revival time is defined as a time instance at which a system is approaching its initial state. The time of first quantum revival, e.g., in short-range spin models, is very well predicted by the standard formula using the maximum group-velocity of the resulting quasi-particle [19] . Recent studies have shown that using the same formula fails to predict the first revival time in certain integrable spin models with more than nearest-neighbor interac-tion [23, 24] . Thus, a general trend of quantum revivals in Loschmidt echo with the range of varying interaction between distant pairs is still lacking.
A paradigmatic model of free-fermions with significantly rich phase diagram is Kitaev wire with long-range pairing (LRP) interaction [31] [32] [33] [34] [35] [36] [37] [38] [39] [40] [41] . The long-range pairing terms are characterized by the power-law decaying interaction (with an exponent denoted as α) between distant sites. One of the striking effects of this LRP interaction is the emergence of topological properties that are absent in the short-range Kitaev wire [32, 38] . The dynamical evolution due to quenching global parameters across different phases show the role of exponent α in the observed behavior which includes dynamics of entanglement entropy [32] , Kibble-zurek scaling, dynamical phase transition [38] , information propagation, thermalization [34] , and correlation decay in Fermionic lattice with long-range pairing [33] . Introducing modulated disorder on the local onsite energies, on the other hand, provide the role of LRP in the Anderson localization [35] . Despite being seminal works described above, understanding of dynamical features of the LRP Kitaev wire, such as quantum revivals in Lochmidt echo and its dependence on power-law decaying long-range interaction, in absence/presence of disorder is needs more investigations. Another important trait of LRP Kitaev chain is the presence of localized edge modes at its boundary and their fate under sudden quenching. The survival probabilities may further depend on whether quenching is within the same phase or across the equilibrium phase transition point as well as the presence or absence of disorder in the system. This has been a motivation for studies of the fate of localized modes in the one-dimensional disorder free topological wires [42] . A yet another infrequently visited topic in the quench dynamics is the impact of disorder on the dynamical phase transition [5, [43] [44] [45] . We expect that depending upon the value of powerlaw decaying long-range pairing term, the critical time may get affected with disorder strength.
In this paper, we investigate quench dynamics of the long-range pairing Kitaev wire. In the disorder free case, we calculate the Loschmidt echo of the finite size open chain as a function of time and observed periodic revival patterns. We find that the revival patterns are very prominent for critical quenching, i.e., quenching from an initial state to the critical point. The first revival time varies with system size and the power-law exponent of pairing interaction. These revivals are very well predicted by the quasi-particle group velocity at the gap closing point instead of maximum group-velocity [19, 46] . In presence of local disorder, on the other hand, the first revivals are robust for a range of disorder strengths. We further consider the survival probability of the zeroenergy modes in open chain for both clean and disordered long-range Kitaev wire. In the clean model, for quenching to the critical point, the survival probability of the localized edge mode exhibits periodic revivals which increase consequently with the increase of the power-law exponent, α. These revivals are suppressed in presence of disorder and disappear for the long-range model while few of them survives for the short-range model for a low disorder. Finally, we investigate the dynamical phase transition in presence of disorder with varying power-law exponent in the long-range pairing Kitaev chain. The presence of strong disorder leads to the disappearance of singularity in the rate function of return probability.
The paper is presented as follows: Sec. II describes the model and its numerically obtained band structure for the open chain. The scheme of global quenching is described in Sec. III with the techniques to solve the dynamics of the underlying Hamiltonian in the presence and absence of disorder. Scaling of revival time, obtained from the dynamics of Loschmidt echo in the finite-size system, is reported in Sec. IV including its behavior in presence of disorder and role of power-law pairing exponent. Dynamics of edge state under sudden quenching is performed in Sec. V and the effect of disorder is discussed. In Sec. VI, we present the result on the dynamical phase transition in presence of disorder for longand the short-range limiting case of the power-law exponent. A discussion on the results is included in conclusion Sec. VII.
II. THE MODEL
We consider long-range pairing Kitaev chain where the pairing interaction is not only present between the nearest-neighbor sites but all other distant sites. The Hamiltonian of the model, describing N −free fermions in one dimension lattice, is given by [32] 
Here, a † j (a j ) is the fermioninc creation (annihilation) operator on site j, n j = a † j a j , w is the tunnelling rate, µ is the chemical potential, and ∆ denotes the strength of the p-wave pairing. The summation index varies for each site in the lattice with weightage d α . For a closed chain, anti-periodic boundary conditions, a j+N = −a j makes the effect of long-range paring term intact, with the choice of d = (d = N − ) if ≤ N/2 ( ≥ N/2), respectively [32, 37] . For an open chain, d = and we drop terms containing a j>N .
A proposal to realize the Hamiltonian of long-range pairing Kitaev chain in the experiment has been put forward recently [47] . For α → ∞, one recovers the standard short-range Kitaev model with pairing range limited to nearest-neighbor. Therefore, the ground state phase di- agram of the Hamiltonian is same as the Kitaev (Ising spin) model in the limit α → ∞. The spectrum of the closed chain depends on the interaction strength α. For α < 1, the bulk degeneracy at the critical point µ c = −1 is lifted, while the degeneracy of at the critical point µ c = 1 remains unaltered. It is to be noted here that the energy gap at µ = −1 decreases with the increase of α.
For open boundary condition and α = 0.5, 1.2, Fig. 1(ab) , the system exhibits a edge state at non-zero energy separated from bulk in the region µ < 1. For α = 1.8, the edge state become zero-energy state for −1 < µ ≤ 1, Fig. 1(c) . A schematic phase diagram of the finite size Hamiltonian, Eq. (1), is presented in Fig. 1(d) . In the thermodynamic limit, the system has a rich phase diagram, with distinct quantum phases i, ii, iii, and iv depending upon the value of α and µ. The red lines are gap closing lines where the system has a gap closing in a finite size chain. The gap at µ = −1 closes at α 1. Note that the gap at a certain range of α along the line at µ = −1 may not get closed in finite chain. This can be seen from the absence of revival in Loschmidt echo for quenching to µ = −1 (see Sec. IV).
III. SUDDEN QUENCHING IN THE LONG-RANGE KITAEV CHAIN
In this section, we elaborate the scheme to study the dynamics of LRP Kitaev chain by quenching the chemical potential µ. We consider sudden quenching, where the initial state at time t = 0 of a pre-quench Hamiltonian, H I (µ I ), with chemical potential µ I , is evolved under a post quench Hamiltonian, H F (µ F ), with chemical potential µ F . Such global quench can be realized in current experimental setups [48] . An interesting quantity to look is the overlap between the initial state and time evolved state under the post-quenched Hamiltonians:
where |Ψ(µ I ) is the initial state of the system. In terms of probability amplitude of the evolved state, the intensity of retracing the initial state at a certain time can be captured by a new quantity called Loschmidt echo which is defined as
With the advancement in the current experimental tools, the Loschmidt echo can be measured in ion traps [49] and optical lattices [50] . The rate function of the return probability, R(t), on the other hand, is given by
The Hamiltonian in Eq. (1) 
where A and B are N × N symmetric and antisymmetric matrices, respectively. By defining the operators (C, C † ) = (a 1 , . . . , a N , a†   1 , . . . , a † N ) the Hamiltonian can further be written in a simplified form as
where
The form of the N × N matrix A and B is obtained from Eq.
(1). The Hamiltonian H can thus be diagonalized using the unitary operator U , given by
The diagonalized Hamiltonian is given by
where Λ is the diagonal matrix consists of eigenvalues of H, and (η,
wehere T is the matrix transpose operation. The elements of the unitary matrix are given by solving the eigenvalue equations:
We solve these equations numerically for finite-size longrange Kitaev chain with open boundary condition. It is then seen that the matrix elements of g and h are obtained as
For the Hamiltonian in Eq.( 1), G(t) can be written as [52] 
Here I is the identity matrix and
The 2N × 2N matrix M , defined in this way corresponds to the correlation matrix of the initial state |Ψ(µ I ) .
More precisely,
It is to be noted that the conservation of particle number implies C † C + CC † = I. -d) , and the fitted data are shown by solid lines, in which the red and green curves are obtained by fitting them with equation tR = N/vg using the group velocities (vg) at the momentum corresponds to the gap closing mode k = π and where it takes the maximum value, respectively. Notice that, as shown in (h), for the short-range pairing (α 2), all the fitting curves merge together matching well to the numerical data (filled circle). (i-l) The variation in the derivative of energy spectrum E k with respect to k for various choices of α. Here, we set the Hamiltonian parameters as ∆ = 2, w = 0.5, µI = 1.2 and µF = 1.
IV. QUANTUM REVIVALS OF LOSCHMIDT ECHO IN LONG-RANGE KITAEV CHAIN
Dynamics of Loschmidt echo provide several interesting phenomena in the clean many-body quantum system which are delineated to the nonequilibrium dynamics [19, 44] . Impact of disorder on dynamical phase transition and Loschmidt echo revival is in many respects an outstanding problem, which to the best of our knowledge has been rarely explored [44] . We are going to address the dynamics of Loschmidt echo and dynamical phase transition both in the presence and absence of disorder in the long-range pairing Kitaev chain.
A. Disordered free chain
In this section, we consider the dynamics of Loschmidt echo in the clean LRP Kitaev chain after a global sudden quench. We consider a finite size system with open boundary conditions and quench the system from an initial µ I to the critical point of the post-quenched Hamiltonian, i.e., µ F = 1. These values of α belong to regions possessing distinct topological features as described in [53] . In the thermodynamic limit and for 0 < α < 1, the long-range Kitaev chain hosts massive Dirac edge modes for µ < 1 with winding number ω = 0.5. For 1 < α < 1.5, the ground state topology of the model is trivial for µ > 1 and non-trivial for µ < 1. For higher α such that 1.5 < α < ∞, the Kitaev chain hosts nontrivial topology with winding number ω = 1 for |µ| ≤ 1. Our aim, in this section, is to explore the dynamics of Loschmidt echo in these different topological regions by considering the critical quenching.
In Fig. 2 , we show the behavior of Loschmidt echo for four values of α belonging to different ranges. We observed that the Loschmidt echo decays rapidly with time for a short period of time and reaches to a stationary value. This signature becomes prominent with increasing the system size, while as expected, for small system size there are fluctuations in the LE around at the stationary value. This feature can be seen from Figs. 2(a-d) . After a lapse of certain time t, the Loschmidt echo revives and reaches to a maximum value. The time t when the LE reaches to the maximum is called the first revival time t R as it is the first instance during the evolution when the LE reaches to a value close to the initial value at t = 0. From Figs. 2(a-d) , it is clear that the revivals of the LE depend on the system size. In Fig. 2(e-h) , we plot the first revival time t R with respect to the system size N . The first revival time of Loschmidt echo in manybody quantum system can be approximately given by t R ≈ N/v g (see [19] for the details), where v g is the group velocity. In our case, the group velocity v g is a function of the power-law decaying pairing interaction exponent α. A numerical calculation of the derivative of energy spectrum E k with respect to k provide a plot of the group velocity as a function k, as shown in Figs. 2(i-l) . Once we obtain the group velocity, v α g at the critical point, the revival time can be approximated using the above formula by replacing the group velocity for given α. The green regular line in Figs. 2(e-h) is the approximation of the revival time using maximum group velocity, denoted as Max v g (k) in the plots. It is clear Figs. 2(e-h) that the data of the revival time obtained by exact calculation do not correspond to the predicted revival time with Max v g (k). Next, we consider the group velocity at the gap closing mode k = π, denoted as v g (π) in the plots. The revival time with this velocity is well approximated as shown in blue regular line in Figs. 2(e-h) . Surprisingly, both the curves of analytical revival time merged into one for α 1. By fixing the system size, and varying the interaction strength α, we can find the dependence of t R on the interaction strength α. In Fig. 3 , we plot the normalized revival time, t R /N , with respect to α. The plots show collapse of data for different system sizes N = 40 (regular purple line), N = 60 (dashed red line), and N = 80 (dashed double-dashed green line). For better analyzing the behavior of revival time with respect to α, we divide the effect of alpha in to three different ranges (I) α ∈ (0, 1), (II) α ∈ (1, 1.5], and (III) α ∈ [1.5, ∞]. The first revival time t R decays exponentially in the range α ∈ (0, 1) and α ∈ (1, 1.5]. The rate of decay is faster in the region I as compared to region II . The decay of t R is polynomial in the region III as shown in Fig. 3 . For α → ∞, the t R approaches to the value of the short-range Kitaev chain. In particular the decay of t R follows the scaling functions: t R ∼ e −0.6α in region I, t R ∼ e −0.3α in region II, and t R ∼ α −0.3 in region III. We also perform quenching to the critical point µ c = −1 in the finite size LRP Kitaev wire. The results show that periodic revivals are absent for quenching to critical point µ c = −1 for α > 1 except for very large α. To understand the origin of the different behaviors of the LE at both the critical points, µ = ±1, one can probe the spectrum of the model. In which, the gap closing point appears at µ = 1 for all values of α, while the gap does not close at µ = −1 expect of very large values of α (see Fig. 1 ). This result indicates that the appearance of revivals is controlled by the gap closing point in the finite size system [45, 46] .
B. Effect of disorder on the revival time
Disorder is a crucial factor responsible for affecting the behavior of physical quantities in many-body systems as compared to the clean case [54] . Therefore, robustness of a given physical quantities, in our case LE, can be es- tablished by incorporating the effect of disorder in the Hamiltonian [19] . We now consider random chemical potential at all the sites of the form µ = µ + V in Eq. (1). Here V are random numbers taken from a uniform distribution with widths W , i.e., V ∈ [−W, W ]. Thus W here denotes the strength of the disorder. The behavior of the LE is shown in Fig. 4 for LRP Kitaev chain with open boundary condition and system size N = 40 for different α. The Loschmidt echo here is calculated over 50 different disorder realizations for each time. Finally, quench average LE is presented in the plots where the averaging is denoted as L(t) . In all the figures, it is clear that the LE decreases with increasing the strengths of disorder. However, the first revival time t R remains same for the particular choice of system size N , here N = 40. However, it is to be noted that the disorder affects the periodicity of the revivals of LE for disorder strengths W ≥ 0.3 as compared to the disorder free case. The effect of disorder in small α = 0.5 shows that the first revival in LE suppressed for disorder strengths W ≥ 0.3, Fig. 4(a) , while for the same disorder strengths the revival in LE survives for α = 1.2 and 1.8, Figs. 4(b,c) . The revivals in LE completely suppressed with increase of disorder strengths. This suppression of revivals can be attributed to the Anderson localization due to disorder [55] .
V. SURVIVAL PROBABILITY OF EDGE STATES IN THE LONG-RANGE KITAEV CHAIN
Localized edge state are characteristics of topological properties of many-body quantum systems [56] . In the Kitaev chains, such localized edge modes are identified as Majorana modes [57] . The robustness of Majorana modes under the perturbation of system parameters is one of the very interesting topics. We here analyze the dynamics of low-energy edge states of the long-range Kitaev chain with varying pairing interaction exponent. Two kinds of quenching are considered: (i) quenching to the gap closing point and (ii) quenching away from the gap closing point. The method of obtaining the edge state and their dynamics is described in the following subsection. The role of disorder on the stability of edge state under quench dynamics to the critical point is presented.
A. Survival probability for clean system
With the scheme of sudden quenching given in Sec. III, we can also study the survival probability of singleparticle energy states of the pre-quench Hamiltonian H(µ I ). Let |ψ (µ I ) = |ψ (µ I , t = t 0 ) is the eigenstate of the Hamiltonian H(µ I ) with eigenvalues E l (µ I ) i.e.,
The parameter µ I of the Hamiltonian is then suddenly quenched to another value denoted by µ F . The eigenstates of the new Hamiltonian H(µ F ) are obtained via the eigenvalue equation as
The evolution of the eigenstate |ψ 
The survival probability of the initial state |ψ (µ I ) is defined by
The survival probabilities, P (t), of lowest energy eigenstate of the pre-quench Hamiltonian, localized at the edge of the chain, are shown in Figs. 5(a-c) for the quenching to the gap closing point. The initial state corresponds to µ I = 0.9 and system size is N = 200. The survival probabilities exhibit periodic revivals with respect to time with decreasing amplitudes of the subsequent revivals. It is to be noted from these figures that the survival probability of the lowest-energy edge states depends upon the powerlaw exponent of LRP interaction, α. The revival of survival probabilities increases with the increase of α, i.e, in the limiting case of short-range pairing Kitaev chain. The fate of survival of the initial state, |ψ i (µ I ) , with energy E i (µ I ) depends upon its interference or overlap with that of the wave functions of the final Hamiltonian, |ψ (µ F ) . Thus, the change in the survival probability with α can be captured by calculating the overlap of the energy eigenstates of the final Hamiltonian with that of the initial state of evolution. It is defined as: | ψ (µ F )|ψ i (µ I ) | 2 . Here |ψ (µ F ) is the wave function of the post-quench Hamiltonian corresponding to the energy E (µ F ). The overlap functions are plotted in Fig. 5 with respect to the corresponding energies. For α = 0.5, Fig. 5(d) , the overlap includes contribution from various energies of the final Hamiltonian. On the other hand for α = 1.8 Fig. 5(f) , the contribution in the overlap decreases. The survival probability, therefore, clearly exhibit oscillations in the latter case than the former cases.
In Fig. 6(a-d) , we plot the survival probabilities of the lowest energy edge state for quenching away from the gap closing point for various cases of initial and final parameters. In particular, we keep two cases of quenching: (i) in case the initial and the final parameters are taken in such a way that they belong to the same phase of the longrange Kitaev chain, (ii) in the latter case we consider them in the region belonging to two different phases of the model. We note that for all the choice of α in this paper, the survival probability is less when quenching is within the same phase while it increases for across the phase quenching. This can again be examined from the overlap of the initial and final wave function, Figs. 6 (eh), which reveal the corresponding physics of comparatively high amplitude of revivals of survival probability across the phase quenching as compared to the quenching within the same phase. From the graph of the overlap function, it is clear that the contribution to the final energies increases for quenching within the same phase while the same is decreases for quenching across the phase tran-��� ���� � (�) α = ��� sition. In Fig. 6 (e-h), the peak at zero energy has a single point and line is shown to guide the line.
B. Effect of disorder on the survival probability
In Fig. 7 , the effect of disorder on the survival probability is analyzed for different α and quenching to gap closing point. We consider disorder chemical potential µ at each site of the Hamiltonian Eq. (1) as described in subsection IV B. For each time t, a finite number of disorder sampling is drawn randomly and quench disorder averaging is performed over these finite samples to calculate the average time dependent probability P (t) . By comparing Figs. 5(a-c) and Figs. 7(a-c) it can be seen that the revival amplitudes in the survival probability suppressed in presence of disorder. For small disorder, W = 0.1, there appears only one revival in the time spam of t ∈ [0, 10000] in the disordered case as compared to the two revivals in the clean case, Fig. 7(b) . Similarly, in Fig. 5(c) there are three revivals while the presence of disorder leads to suppression of one revival for α = 1.8 as shown in Fig. 7(c) . For α = 0.5, there appear no revival in presence of disorder, while in case of strong disorder, W = 0.5 in Fig. 7(b-c) , the revivals in P (t) washed away. Note that the time of revival does not change in presence of disorder in the survival probability. Interestingly, the value of survival probability is greater in the case W = 0.5 as compared to the small disorder strength W = 0.1. It is to be noticed that the amplitude of revival is high for α = 1.8 as compared to the one with α = 1.2. Therefore, it is safe to conclude that for large α the survival of low energy state is more robust to the presence of disorder as compared to the low value of α.
VI. DYNAMICAL PHASE TRANSITION IN DISORDER LONG-RANGE KITAEV CHAIN
Dynamical phase transition is referred to the situation when the return probability, Eq. (4), exhibit singularity at some time t. This analogy stem from the equilibrium partition function in complex temperature plane, first pointed out by Yang and Lee [58, 59] . The equilibrium transition point corresponds to the crossing of Yang-Lee zeros to the real temperature axis of the complex partition function [58] [59] [60] . Similarly, the complex time, z = t + iτ , provides an analogous picture where the zeros of G(z) cross the real time axis at time t = t c referred as the critical time [5] . It is claimed that when this crossing happens, the return probability R(t) shows a singularity at that time t.
The presence of local disorder on the dynamical phase transition has been considered in a very few studies [61] [62] [63] [64] . In this paper, we consider the situation, when the chemical potential of the pre-quench Hamiltonian is fixed at µ I and the chemical potential of the final Hamiltonian is chosen randomly from a uniform distribution around fixed µ F . The choice can be managed numerically by considering a set of µ F , as {µ F } = µ F + [−W, W ], where W is the width of the disorder and µ F is the mean value of the final quenching which same as the µ F of the clean system, i.e., with W = 0. This setting allows us to investigate the effect of disorder on the dynamical phase transition of the clean system with final chemical potential µ F . This theme is akin to the effect of disorder on the equilibrium phase transitions in quantum systems [1] . The impact of disorder is not a very well understood concept in the nonequilibrium phase transition.
In the next few paragraphs we will investigate the impact of disorder on the nonequilibrium phase transition of long-range pairing Kitaev wire for two different values of the power-law decaying pairing exponent, α.
In Fig. 8(a) , we show the return probability for various disorder strengths, W , for quenching to gap closing point α = 0.5 and ∆ = 1.0. In clean long-range Kitaev chain, the return probability displaying singular behavior at times t = (2n + 1)t c , where n = 0, 1, 2, . . . [44] . For disorder system, the chemical potential for each local sites of a total system size of N = 240, are drawn from a uniform distribution as {µ F } = 1.3 + [−W, W ] with initial parameter µ I = 0.7. Thus the quenching µ I → µ F is such that it crosses the gap closing point. For low disorder the critical time remains the same as the clean one. The significant impact of disorder on the dynamical phase transitions starts visible at higher disorder strengths W > 0.4, where the time at which R(t) diverges shifts to lower time. The curves in the Fig. 8(a) are shifted by a constant value along the ordinate for clear visibility of the pattern at individual disorder. Without this shift, all the curves get overlapped at the first critical time. We further investigate the effect of disorder by considering the disorder strengths W 1 and observed that the singularity at t c starts disappearing with high disorder strengths. It is also be noted that here we consider single-instant of disorder realization with maximum width W . Taking disorder realization does not change the observed behavior significantly and the qualitative behavior of the plots remains unaffected with disordered averaging. In Fig. 8(b) , we consider the value of α = 1.3 and investigate the impact of disorder on the dynamical phase transition of the clean system. The clean longrange pairing Kitaev chain show dynamical phase transition at t = (2n + 1)t c , where n = 0, 1, 2, . . ., marked by the singular behavior of return probability R(t). Focusing on the first critical time occurs at n = 0, it can be seen from Fig. 8(b) that the singularity in R(t) goes away and the transition becomes smooth as the disorder strength W is increased. This effect is similar to the smearing effect in presence of disorder on first order equilibrium phase transition [65] [66] [67] . Smoothening of the singularity also develops at later critical times where the dynamical phase transition is present with zero or small disorder strength as can be seen from Fig. 8(b) . To check the consistency of the effect of disorder, we also consider ∆ = 2.0 in Fig. 8(c-d) . We again observe that for increasing the disorder strengths, the singularity in R(t) washed away.
VII. CONCLUSION
We report the dynamics of Loschmidt echo and investigated the dynamical phase transition in the presence/absence of disorder in the long-range pairing Kitaev chain. The dynamics of quantum revivals in the Loschmidt echo is periodic for a quench to the gap closing point and the periodic structure become more transparent for this quenching. We found that the prediction of the first revival time is best approximated using the ansatz t R ≈ N/v g , where v g is taken at the gap closing mode. A naive approximation of v g with maximum group velocity, on the other hand, fails to predict the correct revival time for small α (long-range). Thus, we provide the relevant time scale present in the long-range Kitaev chain which captures the correct time of the first revival of LE. Moreover, for quenching to the critical point where gap does not close in a finite chain, there exist no revivals in the LE. We further investigate the effect of disorder on the Loschmidt echo and find that the time of the first revival is stable even in the presence of small disorder strength in the system. The periodic structure of the Loschmidt echo, on the other hand, are affected by the presence of disorder. The effect of disorder in the dynamics of localized edge state shows that the oscillations in the survival probabilities are present for large α while they are absent in the small α. We also present the survival dynamics of localized edge modes for different quenching. It is found that quenching within the same phase conceal the survival of localized edge state while the same get enhanced for quenching across the gap closing point. A possible explanation of the observed phenomenon is provided. Finally, we consider the dynamical phase transition in the model and the effect of disorder for two different cases of pairing effect. The singularity in rate function of return probability survives in small disorder strengths while the curve becomes smother for the large disorder. We believe that our results shed further insight into the dynamics of clean and disordered longrange pairing Kitaev wire. The results presented here can also be simulated in experiments with the help of present state of the art in experimental setups in cold-atoms and ion-traps.
